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ABSTRACT 


A preliminary  study  was  made  of  the  effect  of  various  ions 
implanted  in  iron  on  the  absorption  of  hydrogen  by  Ferrovac-E  iron. 

Using  the  permeation  technique,  it  was  found  that  the  location  of 
implanted  Ft,  as  modified  by  selective  dissolution  of  iron  from  the 
surface,  affects  the  kinetics  of  the  hydrogen  evolution  reaction  and, 
hence,  of  the  hydrogen  absorption  process.  The  rate  of  hydrogen 
absorption  decreased  with  increase  in  Ft  concentration  on  the  surface 
in  both  0.1N  NaOH  and  0.1N  A catalvtic  mechanism  is  proposed 

to  explain  the  marked  reduction  in  hydrogen  permeation.  There  are  o 
significant  differences  in  the  permeation  behavior  of  unimplanted  and 
helium-  or  iron- implanted  iron  membranes  in  0.1N  NaOH.  The  experiment- 
ally observed  Tafel  slope,  the  permeation-charging  potential  relationship, 
and  the  permeation-charging  current  relationship  indicate  a coupled 
discharge-recombination  mechanism  of  hydrogen  evolution  on  He-,  Fe-  or  Pt- 
lmplanted  iron.  At  higher  cathodic  overpotentials  in  0.1N  NaOH,  corres- 
ponding to  potentials  more  negative  than  -1.0V  (SHE),  another  mechanism 
of  hydrogen  evolution  is  indicated. 

Selective  dissolution  of  iron  from  the  Pt-implanted 
Fe  surface  layer  is  indicated  by  Rutherford  backscattering  analyses  to 
involve  diffusion  of  Pt  into  the  iron  ahead  of  the  receding  surface. 


INTRODUCTION 


Hydrogen  absorption  greatly  reduces  the  mechanical  properties  of 
structural  alloys.  A number  of  investigators  have  studied  the  possibility 
of  reducing  hydrogen  absorption  by  coatings  (1-4).  Besides  functioning  as 
barriers  to  hydrogen  entry,  coatings  may  also  reduce  hydrogen  absorption 
through  their  effect  on  the  kinetics  of  the  hydrogen  evolution  reaction  and, 
hence,  of  the  hydrogen  absorption  process.  Chatterjee  et  al.  (4)' provided 
experimental  confirmation  for  the  catalytic  mechanism  of  de- 
creasing hydrogen  entry  into  iron.  They  found  that  discontinuous  electro- 
deposited  coatings  of  Pt,  Ni  or  Cu  on  iron  are  effective  in  reducing  hydrogen 
entry  into  the  membrane.  Ion  implantation  of  metals  is  another  method  for 
altering  the  surface  chemically  and,  thus,  also  the  mechanism  and  kinetics 
of  the  hydrogen  evolution  reaction,  without  affecting  bulk  physical  or 
mechanical  properties. 

Ashworth  and  co-workers  (5)  were  among  the  first  to  report  the  effect  of 
ion  implantation  on  the  polarization  behavior  of  iron.  They  found  that  there 
is  no  significant  differences  between  the  polarization  behaviors  of  unlmplanted 
and  argon-implanted  iron  beyond  that  due  to  changes  in  surface  roughness 
associated  with  the  implantation  process.  Other  implanted  ions  in  iron,  such 

as  chromium  and  lead,  were  shown  to  influence  the  polarization  behavior  (6,7). 

This  paper  reports  the  results  of  initial  studies  directed  at  evaluating 
the  effect  of  implanted  ions  on  hydrogen  permeation  through  implanted 
membranes.  No  other  studies  of  hydrogen  permeation  of  implanted  membranes 

are  known  to  be  reported  in  the  literature.  Specifically,  the  goals  of  this 
work  are: 

1.  To  determine  whether,  and  to  what  extent,  implanted  platinum, 
helium  or  iron  reduce  hydrogen  permeation  through  iron. 
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2.  To  evaluate  If  the  nature  or  proximity  to  the  surface  of 

any  of  these  implanted  ions  affects  the  mechanism  or  kinetics 
of  the  hydrogen  evolution  reaction  and,  hence,  of  the  hydrogen 
absorption  process. 

3.  To  determine  the  effects  of  implantation  on  the  effective 

hydrogen  diffusivity  which  may  be  related  to  trapping  characteristics. 

The  rationale  behind  choosing  Pt  for  implantation  is  that  Pt  is  one  of  the 
best  electrocatalysts  for  the  hydrogen  evolution  reaction.  In  order  to 
sort  out  any  effects  due  to  the  implantation  process,  itself,  the  inert 
element.  He,  and  the  substrate  element,  Fe,  were  also  chosen  for  compari- 
son with  results  obtained  for  the  Pt-implanted  iron  membranes. 

EXPERIMENTAL  PROCEDURE 

The  hydrogen  permeation  measurements  were  carried  out  on  Ferrovac-E 
iron.  The  Fe  membranes  were  prepared  by  cold  rolling  wafers  cut  from  a 
master  ingot  to  the  required  thickness  (0.365mm).  After  polishing  to  600 
grit,  they  were  degreased  using  benzene  and  methanol  in  a soxhlet  apparatus, 
and  then  annealed  for  two  hours  at  1000°C  in  an  argon-filled  silica  capsule. 

The  latter  treatment  produced  an  etched  surface.  One  side  of  some  of  these 
membranes  was  implanted  with  Fe+,  He+  or  Pt+  ions  at  fluences  and  energies 
given  in  Table  1.  The  samples  were  implanted  in  a vacuum  of  1 x 10  ^ Torr 
and  were  in  close  proximity  to  a cold  surface  at  liquid  nitrogen  tempera- 
tures (77 °K)  which  minimized  carbon  contamination.  The  temperature  of  the  samples 
during  implantation  did  not  exceed  50°C.  The  implanted  samples  were  stored 
in  an  evacuated  desicator.  Prior  to  the  permeation  runs,  the  Pt  content  on  the 
surface  of  the  Pt-implanted  membranes  was  increased  by  selective  dissolution 
of  iron  via  inner  a ion  in  1M  HjSO^  for  20  seconds.  Permeation  measurements  were  also 
made  after  subsequent  10-second  Immersions  in  0.1N  H2S0^.  Sulfuric  acid  is 
known  to  selectively  remove  iron  from  a Fe-Pt  solid  solution  (8) . 
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Electrolyte  solutions  were  prepared  from  conductivity  water  (doubly 
distilled)  prepared  by  the  method  of  Powers  (9)  and  reagent  grade  chemicals. 

Final  purification  was  made  by  pre-electrolyzing  the  solutions  in  an 

external  cell  prior  to  admitting  them  to  the  permeation  cell. 

The  technique  of  Devanathan  and  Stachurski  (10)  was  used  to  measure 

the  permeability  of  hydrogen  through  a membrane  while  evolving  hydrogen 

off  the  implanted  surface.  In  this  method,  a thin  metallic  membrane  is 

electrolytically  charged  with  hydrogen  on  the  Implanted  side  while  on 

the  other  side  the  hydrogen  which  has  diffused  through  the  membrane  is 

anodlcally  oxidized.  The  orifice  of  the  cell  and.  thus,  the  charging  area 
2 

was  0.785  cm  . The  measured  anodic  current  is  a direct  measure  of  the 

hydrogen  flux  through  the  membrane  for  the  conditions  at  the  exit  surface, 

which  included  a thin  palladium  coating  and  an  oxidizing  potential  of  .018V(SHE) 

using  a Hg/HgO  reference  electrode  in  0. IN  NaOH.  These  are  the  same  conditions 

found  previously  to  be  suitable  for  oxidizing  all  of  the  hydrogen  arriving 

at  the  anodlcally  polarized  surface  (4).  The  reported  values  are  the 

measured  values  after  correction  for  the  residual  current  which  is  typically 
-2 

less  than  1 uA  cm  . The  potential  of  the  charging  surface  was  measured  us- 
ing a Hg/HgjSO^  reference  electrode  in  0.1N  and  a Hg/HgO  reference 

electrode  in  0.1N  NaOH.  Both  chambers  of  the  cell  were  deaerated 
by  bubbling  oxygen-free  nitrogen  through  the  solutions.  The  perme- 
ation measurements  were  performed  under  conditions  of  cathodic  protection. 
Details  of  the  cell  and  circuitry  are  reported  elsewhere  (4). 

The  permeation  data  were  obtained  as  follows.  The  Fe-  and  He-lmplanted 

_2 

iron  membranes  were  precharged  at  lc  ■ 0.10  mA  cn  for  45  minutes  by  which 
time  a quasi-stationary  permeation  current  was  established.  The  Pt-implanted 
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-2 

membranes  were  similarly  precharged  at  1 mA  cm  (-15  minutes  in  0.1N  NaOH 

and  -7  minutes  in  0.1N  ^SO^.The  membranes  were  then  charged  galvanostatically 
—2 

in  0.02  mA  cm  steps  in  0.1N  NaOH  or  in  0.2  mA  cm  steps  in  0.1N  in 

descending  and  then  ascending  directions.  Each  charging  current  was  main- 
tained for  about  4 minutes  by  which  time  a quasi-stationary  permeation  current 
was  established . This  procedure  has  been  found  to  give  constant  and  reproducible 
permeation  transients  dependent  only  on  the  charging  conditions  for  a given 
specimen. 

Some  of  the  implanted  ion-concentration  profiles  were  measured  by  means 
of  high  resolution  Rutherford  backscattering  of  alpha  particles  with  a depth 
resolution  of  4 nm.  For  this  measurement,  the  surface  to  be  implanted  was 
first  polished  to  a mirror  finish  with  6 pm  diamond  paste.  Details  of  this 
method  may  be  found  elsewhere  (11,12). 

RESULTS 

Table  2 shows  that  the  steady-state  hydrogen  permeation  fluxes,  i , and 

00 

electrode  potentials  at  the  charging  side,  E£,  in  0.1N  NaOH  are  the  same  for 
implanted  Fe  membranes  and  identical  membranes  implanted  with  He  or  Fe  ions. 
The  permeation  transients  prior  to  steady  state  were  also  the  same  within 
the  experimental  error  for  these  membranes;  the  half-rise  time  (tj^)  was 
5.5  ± 1.0  seconds.  Typical  permeation  transients  are  shown  in  Figure  1. 

The  effective  diffusivity,  calculated  using  the  expression  (13,14) 

p . .iM3-8  l2 

'l/2 

-5  2 -1 

where  L is  the  membrane  thickness,  is  D ■ 3 x 10  cm  s . This  value  is 
in  good  agreement  with  literature  values  for  well-annealed  iron  (15)  and  is 
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also  essentially  the  value  obtained  by  extrapolation  of  high  temperature 
diffusion  data  to  room  temperature  (16).  The  experimentally  observed  Tafel 
slope  is  -122  ± 5mV.  This  value  is  the  same  as  that  reported  for  hydrogen 
evolution  on  Fe  in  0.1N  NaOH  (17). 

Figure  2 shows  distribution  profiles  of  Pt  implanted  in  Fe  after  different 
amounts  of  iron  dissolution  (Pt  enrichment  of  the  surface)  in  lM  I^SO^  at  room 
temperature.  After  20  seconds  immersion  in  the  acid,  the  Pt  concentration  at 
the  surface  is  significantly  higher  (-3%)  than  in  the  as-implanted  case  (<0.1%). 
The  area  under  the  profile  of  the  20-second  immersed  surface  is  about  equal  to 
the  area  of  the  as-implanted  profile;  this  indicates  that  the  Pt  content  of  the 
iron  is  essentially  unchanged  during  the  first  20  seconds  in  1M  I^SO^.  After 
the  next  20-second  dissolution  period  in  1M  I^SO^,  the  Pt  content  is  much  less 
and  nearly  at  background  levels,  which  Indicates  that  most  of  the  Pt  is  lost 
from  the  membrane  during  this  second  dissolution  process,  probably  as  particles 
which  dislodge  from  the  surface.  Permeation  measurements  were  mainly  done, 
therefore,  after  an  initial  20-second  exposure  of  the  Pt-implanted  membranes 
to  1M  H2S0^. 

Figure  3 shows  a linear  dependence  of  the  steady-state  permeation  current 
density  on  the  square  root  of  the  charging  current  density  with  the  curve 
passing  through  the  origin  for  an  unimplanted  Fe  membrane  and  a Pt-implanted 
Fe  membrane  following  a 20-second  immersion  in  1M  HjSO^.  This  is  taken  as  an 
indication  of  a diffusion  controlled  hydrogen  permeation  process  (17,18). 

The  permeation  transient  for  this  membrane  is  shown  In  Figure  1.  The  hydrogen 
permeability  is  less  at  all  charging  currents  for  the  Pt-implanted  than  for 
the  unimplanted  iron  membranes.  Pt  implantation  which  is  not  modified  by 
iron  dissolution  was  found  to  have  an  insignificant  effect  on  the  hydrogen 
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evolution  and  absorption  kinetics. 

The  electrode  potentials  for  hydrogen  evolution  on  the  Pt-implanted 
(and  enriched)  membrane  are  invariably  more  noble  than  those  on  the  un- 
implanted membrane.  Figure  4.  The  Tafel  slope  is  -122  ± 5 mV  for  both 
unimplanted  and  Pt-implanted  iron.  Permeation-charging  potential  curves 
for  unimplanted  and  Pt-implanted  Fe  membranes  are  given  in  Figure  5 for  the 
0.1N  NaOH  charging  solution.  The  slopes  of  these  curves  of  the  unimplanted 
Fe  membrane  at  low  overpotentials  and  of  the  Pt-implanted  Fe  membrane  at  all 

overpotentials  are  -255  ± 5 mV.  Similar  results  are  obtained  for  a 0.1N  H„SO, 

2 4 

charging  solution,  although  a change  in  slope  was  not  observed  for  the  unim- 
planted Fe.  Table  3 lists  the  relevant  data  for  the  0.1N  charging 

solution. 

Both,  the  measured  electrode  potential  of  the  Pt-implanted  surface  and 
the  permeation  rate  of  hydrogen  through  the  Pt-implanted  membrane  during  hydrogen 
charging  are  functions  of  the  time  of  immersion  in,  and  concentration  of,  sulfuric 
acid.  Figure  6 shows  the  trends  in  potential  and  permeation  after  additional  10- 
second  periods  of  selective  dissolution  of  iron  in  a diluted  sulfuric  acid.  The 
positive  effect  of  Pt  enrichment  of  the  surface  is  seen  to  hold  for  an  additional 
amount  of  dissolution  (40  seconds  in  0.1N  H^SO^  following  the  original  20  seconds 
in  1M  HjSO^)  before  loss  of  Pt  from  the  surface  is  indicated  by  reversal  of  the 
electrochemical  parameters . 

DISCUSSION 

The  electrocatalytic  activity  of  a surface  for  the  hydrogen  evolution 
reaction  can  be  estimated  from  the  overpotential  required  to  evolve  hydrogen 
at  a given  current  density  - the  lower  the  overpotential  or  the  more  noble 
the  electrode  potential,  the  more  catalytic  the  surface.  Figure  4 and  Table 
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3 show  the  cathodic  potentials  obtain -?d  in  alkaline-  and  acid-charging 
solutions.  It  is  seen  that  the  electrode  potential  for  the  hydrogen 
evolution  reaction  is  more  noble  on  Pt-implanted  than  on  unimplanted  surfaces. 
As  a result,  the  degree  of  hydrogen  coverage,  0,  and  the  permeability  of 
hydrogen  should  be  less  for  Pt-implanted  than  for  unimplanted  iron 
membranes  (19,13,4)  in  accord  with  the  permeation  results  in 
Figures  3 and  5.  The  above  reasoning  also  applies  to  the  decrease  of  the 
steady-state  permeation  and  more  positive  electrode  potential  with  increasing 
amount  of  Fe  dissolution  which  corresponds  to  increasing  Pt  content 
of  the  surface  (Figure  6) . The  latter  is  confirmed  by  the 
Rutherford  backscattering  data  which  show  an  initial  increase  in  the  surface 
concentration  of  Pt  with  dissolution  time  (Figure  2) . A correspondence  of 
the  electrochemical  and  the  backscattering  data  also  holds  at 
longer  dissolution  times.  A reversal  in  the  trends  of  both  E and  i at  40 

c » 

seconds  in  Figure  6 is  attributable  to  a loss  of  Pt  from  the  surface,  in 

accord  with  the  backscattering  profile  data  (Figure  2).  The  earlier  reversal 

of  the  backscattering  data  in  Figure  2 is  consistent  with  the  use  of  a higher 

concentration  of  sulfuric  acid.  That  continued  dissolution  of  the  membrane 

eventually  leads  to  Pt  loss  from  the  surface  is  supported  by  the  approach 

after  long  times  of  the  i^  and  Ec  values  to  those  for  unlmplanted  Fe 

membranes  at  the  same  value  of  1 . 

c 

In  summary,  the  mechanism  by  which  implanted  Pt  reduces  hydrogen 
absorption  by  iron  is  related  to  the  different  catalytic  tendencies  of  Pt 
and  Fe  for  the  hydrogen  evolution  reaction.  In  this  case,  the  hydrogen 
evolution  reaction  occurs  more  easily  (lower  overvoltage  required)  on  Pt 
than  on  Fe  sites;  thus,  the  coverage  of  hydrogen  on  the  mixed 
Pt-Fe  surface  is  lower  and,  consequently,  so  also  is  the  absorption  rate  (4). 


Thus,  these  results  indicate  that  for  ion  implantation  in  iron  to  be  effective 
for  reducing  hydrogen  absorption,  ion  implants  should  have  a higher  exchange 
current  density  for  hydrogen  evolution  than  that  for  the  substrate  metal.  The 
data  also  show  for  implanted  Pt  that  modifications  of  the  implantation  profile, 
which  increase  the  concentration  of  the  implant  in  the  outermost  surface  layer, 
increase  evolution  and  decrease  absorption  of  hydrogen. 

The  data  in  Table  2 for  He-  and  Fe-implanted  iron  show  that  there  are 
no  significant  differences  in  the  polarization  or  permeation  behavior  between 
unimplanted  and  implanted  iron.  Furthermore,  the  Tafel  slopes  are  also  the 
same.  Thus,  the  implantation  process,  in  itself,  does  not  modify  the  mechanism 
of,  or  the  catalytic  character  of  the  surface  for,  the  hydrogen  evolution 
reaction.  Ashworth,  et  al.  (5),  also  found  that  once  the  air  formed  oxide  is 
removed,  the  polarization  behavior  of  unimplanted  and  argon- implanted  iron  is 
nearly  the  same.  A delay  in  the  permeation-kinetics,  on  the  other  hand,  might  have 
been  expected  for  the  implanted  membrane  since  the  implantation  process,  itself, 
Introduces  defects  to  about  the  depth  of  the  profile.  In  recent  ion  beam 
studies  of  deuterium-implanted  iron,  Myers  et  al.  (20),  found  that  the  acti- 
vation energy  of  a deuterium  trap  produced  by  the  implantation  process  is  0.81  eV, 
that  slow  release  from  the  traps  occurs  between  300  and  A00K,  and  that  either 
deuterium  or  iron  ions  create  the  traps.  The  presence  of  effective  hydrogen 
traps  can,  in  principle,  be  indicated  by  a comparison  of  the  permeation  rise 
times  for  unimplanted  and  Implanted  membranes.  That  Che  half-rise  times  in 
the  present  measurements  were  the  same  within  the  experimental  error  may  be 
attributed  to  (i)  modifications  of  the  nature  or  density  of  the  traps  during 
the  long  (-9  mo.)  delay  between  the  implantation  process  and  the  permeation 
measurements,  (ii)  filling  of  the  traps  with  hydrogen  from  other  sources  during 
the  above  mentioned  delay,  and/or  (iii)  a lack  of  sensitivity  in  the  measurement. 
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Some  of  the  data  obtained  in  this  work  are  of  the  type  normally  used 
for  evaluation  of  the  mechanism  of  the  hydrogen  evolution  reaction.  It  has 
been  shown  elsewhere  (13,18,19)  that  if  hydrogen  evolution  occurs  via  a 
coupled  discharge-recombination  mechanism,  as  is  the  case  for  iron,  the 
following  relations  are  obtained  at  low  hydrogen  coverages,  8,  for  rate 
controlling  diffusion  through  the  membrane. 


i 

00 


(1) 


in _ 3n  _ 4RT 

3 Ini  “ 31n0  F (2) 

00 

and 


3n  2RT 

31 5i“  " ' ~T 


(3) 


c 

where  n is  the  overpotential  for  hydrogen  evolution,  F the  Faraday,  R the  gas 
constant  and  T the  temperature.  In  this  investigation  it  was  found  that  the 
steady-state  permeation  current  is  directly  proportional  to  the  square  root 
of  the  charging  current  density  (Figure  3 and  Table  2)  for  Fe-  or  He-lmplanted 
and  unlmplanted  iron  membranes.  Furthermore,  the  Tafel  slope  (Figure  4)  is 
-122  ± 5 mV  and  Sn/Slni^  ■ -255  i 5 mV  (Figure  5)  in  reasonably  good  agreement 
with  Eqs.  (3)  and  (2),  respectively.  At  higher  cathodic  overpotentials  in 
0. IN  NaOH,  corresponding  to  potentials  more  negative  than  -1.0  V (SHE),  there 

appears  to  be  a change  in  mechanism  for  the  unimplanted  and  Fe-  or  He-implanted 

; 

membranes  to  slow  discharge-fast  electrochemical  desorption,  as  indicated  by  an 

Increase  in  3n/31nl  , Figure  5 (17,19). 

00 

For  Pt-lmplanted  Fe,  the  Tafel  slope  again  is  -122  ± 5 mV  and  3n  Slni^  - 
-255  ± 5 mV  and  the  steady-state  permeation  varies  linearly  through  the  origin 
with  the  square  root  of  the  charging  current  density.  Thus,  it  is  concluded 
that  the  mechanism  for  Pt- implanted  Fe  is  also  coupled  discharge-chemical 
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desorption  In  both  the  0.1N  NaOH  and  0.1N  HjSO^  solutions  within  the  over- 
potential  range  studied.  The  Tafel  slope  reported  in  the  literature  for 
hydrogen  evolution  on  Pt  surfaces  is  in  twc  different  ranges,  either  -110 
to  -130  mV  in  NaOH  solutions  (21-24)  or  about  -30  mV  in  H2S0^  solutions  (23) 
for  ultra  clean  systems.  Tafel  slopes  greater  than  -30  mV  in  H2S0^  have, 
however,  been  observed  in  the  presence  of  impurities  (25). 

The  Rutherford  backscattering  data  also  provide  insight  into  the  mechanism 

of  selective  dissolution  of  iron  from  the  Fe-Pt  surface  layer.  During  the  first 

2 

20  seconds  of  immersion  in  acid  the  Pt-implanted  Fe  membrane  lost  10  nm  (or 

more)  of  iron  from  Che  surface,  corresponding  to  an  estimated  average  iron 

-2  -2 

dissolution  rate  of  10  A cm  . After  this  20-second  immersion  the  originally 
polished  (6pm  diamond)  surface  appeared  rough,  had  completely  lost  its  reflective 
properties  and  was  gray  in  color.  This  relatively  large  amount  of  dissolution, 
compared  to  the  depth  of  the  implanted  Pt  profile  (-40  nm) , needs  to  be 
reconciled  with  the  fact  that  the  Pt  profile  shows  a similar  amount  of  Pt  and 
distribution  over  about  40  nm  after,  as  before,  iron  dissolution.  Figure  2. 
Discounting  uncertainties  with  regard  to  the  amount  of  iron  removed  and  to  the 
effect  of  surface  roughening  during  dissolution,  an  explanation  of  the  back- 
scattering  results  requires  the  motion  of  Pt  into  the  iron  ahead  of  the  receding 
surface.  A driving  force  for  diffusion  of  Pt  back  into  the  iron  exists  in  the 
activity  gradient  developed  by  accumulation  of  Pt  on  the  surface.  Although  one 
may  question  whether  the  kinetics  are  adequate,  such  a proce.  ? has  already  been 
considered  and  shown  to  operate  in  some  alloy  systems  (26-30) . The  present 
situation  differs  slightly  from  one  of  the  available  models  of  preferential  dis- 
solution. In  this  model  (29,31),  the  interdiffusion  distance  obtains  a constant 
value  by  virtue  of  a finite  dissolution  rate  of  the  more  noble  metal.  In  the 
case  of  ion  implantation,  it  can  readily  be  shown  that  the  interdiffusion  dis- 
tance obtains  a constant  value  so  long  as  no  platinum  is  lost  from  the  surface. 
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In  the  present  work  the  diffusion  distance  is  on  the  order  of  40  nm  based  on 
the  depth  of  the  Pt  profile  after  the  20-second  immersion.  Thus,  it  would 
appear  that  the  so-called  volume  diffusion  mechanism  of  preferential  dissolution 
of  one  component  from  an  alloy  operates  during  Initial  selective  dissolution  of 
iron  from  the  Pt-lmplanted  iron  surface.  Similar  Rutherford  backscatterlng 
profiles  before  and  after  immersion  in  acid  have  been  reported  for  Pd-implanted 
Ti  samples  (11). 

The  eventual  loss  of  Pt  from  the  surface  region  may  be  attributed  to  accumu- 
lation and  detachment  of  platinum  as  small  particles.  Such  a process  is  known 
to  occur  for  low  percentages  (<12)  of  the  noble  metal  in  solid  solution  (28) , 
and  is  in  accord  with  industrial  experience,  especially  during  electrolytic 
refining  of  copper  containing  small  amounts  of  Au. 

CONCLUSIONS 

Ion  implantation  can  be  used  to  reduce  hydrogen  entry  into  iron.  This 
was  shown  using  the  (model)  system  of  Pt  implanted  into  Fe.  Pt  is  known  to 
greatly  reduce  hydrogen  entry  into  iron  via  a catalytic  effect  on  the  hydrogen 
evolution  reaction  when  the  Pt  is  present  on  the  surface  (4) . The  effectiveness 
of  implanted  Pt  was  greatly  increased  by  controlled  selective  dissolution  of 
iron  which  increased  the  surface  concentration  of  Pt.  There  are  no  significant 
differences  in  the  permeation  behavior  of  unimplanted  and  He-  or  Fe-implanted 
Fe  specimens. 

The  experimentally  observed  Tafel  slope,  the  permeation-charging  potential 

ionship,  and  the  permeation-charging  current  relationship  indicate  a 
coupled  discharge— recombination  mechanism  of  hydrogen  evolution  on  Fe-,  He-  or 
Pt-implanted  Fe  surfaces  in  0.1N  NaOH  or  0.1N  H2SC>4  charging  solutions. 

The  Rutherford  backscatterlng  profiles  taken  before  and  after  selective 
dissolution  of  iron  from  the  Pt-implanted  Fe  samples  show  that  the  as-implanted 
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Pt  distribution  (depth  « 40  nm)  Is  maintained  during  removal  of  even  greater 
equivalent  thicknesses  of  iron.  These  results  are  consistent  with  the  volume 
diffusion  mechanism  of  preferential  dissolution  of  a component  from  solid 
solution  ( 26) . 
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Figure  1 
Figure  2 

Figure  3 

Figure  4 

Figure  5 

Figure  6 


FIGURE  CAPTIONS 


Hydrogen  permeation  transients  for  He-implanted  Fe  and  Pt- 
implanted  Fe  membranes.  ic  ” 0.1  mA  cm"2  in  0.1N  NaOH. 

Profiles  of  implanted  Pt  in  Fe  as  a function  of  time  of 
immersion  of  the  Implanted  sample  in  IK  ^SO^  at  room 
temperature.  Depth  of  resolution  is  4 nm  ^(40i). 

Steady  state  permeation  rate  i^  as  a function  of  the  square 
root  of  the  charging  current  density  ic  for  an  unimplanted 
Fe  membrane  and  a Pt-implanted  and  acid  treated  Fe  membrane. 
Charging  solution  was  0.1N  NaOH. 

The  polarization  curve  in  the  Tafel  region  for  hydrogen  evolu- 
tion in  0.1N  NaOH  on  an  unimplanted  iron  (o)  and  a Pt-implanted 
Fe  membrane  following  a 20-second  immersion  in  1M  H2SO4  (□). 

Steady  state  permeation  rate  i„  as  a function  of  the  potential 
of  the  charging  surface  of  the  membrane,  E . Charging  solution 
was  0.1N  NaOH. 

Steady  state  permeation  rate  (□)  and  charging  potential  (o)  as 
a function  of  additional  immersion  periods  in  0.1N  H2SO4  beyond 
the  initial  20-second  immersion  in  1M  H2SO4  of  the  Pt-implanted 
surface.  Charging  current  was  0.6  mA  cm- 2 in  0.1N  ^SO^. 


treated  Fe  membrane.  Charging  solution  was  0.1N  NaOH 
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Figure  6.  Steady  state  permeation  rate  (□)  and  charging  potential  (o) 
as  a function  of  additional  immersion  periods  in  0.1N  H2SO4 
beyond  the  initial  20-second  immersion  in  1M  H2SO4  of  the  Pt- 
implanted  surface.  Charging  current  was  0.6  mA  cm-2  in  0.1N  HjSO^. 


